The physiological and biochemical effects of a carefully graduated course of vigorous gymnasium training with two or three weekly exercise sessions lasting only 15 minutes have been studied in middle-aged London business men.
INTRODUCTION
Exercise is now being recommended increasingly, both in its own right as an enjoyable recreational pastime (1) and as a means of preventing some of the diseases associated with urban life, particularly coronary heart disease (2, 3) . In view of the current interest in "exercise therapy", both to prevent and treat coronary disease, we thought it appropriate to report a pilot study of a course of gymnasium training designed to enhance cardiovascular fitness in middle-aged men.
There have been several studies of the effects of physical training in middle-aged men, especially in Scandinavia (4) (5) (6) and America (7) (8) (9) (10) , but no multidisciplinary investigations in this field have been reported in Great Britain. The need for a broadly based approach to such studies is illustrated by the wide range of advantages attributed to exercise listed in Table 1 .
Ideally, such exercise should be safe, acceptable, fitness-producing and economic. On the basis of "firstly do no harm", safety must be the over-riding factor in advising the unfit adult who wishes to exercise. Acceptability is the next consideration, as the finest schemes are 
SUBJECTS
The study group consisted of a total of 302 men, mean age 37 years (range 26-57), with no history of cardiac disease, who had enrolled at the gymnasium for a course of physical training.
For ethical reasons the General Practitioner's consent had to be obtained in writing before individuals could take part in the study, even though they were participating fully in gymnasium activities. This often delayed the initial investigations for several weeks, during which time a considerable "training" effect became apparent. Also, as these individuals were paying standard fees, it was found to be difficult to raise the question of timeconsuming and mildly inconvenient research procedures in the early weeks without putting the more nervous of them off the idea of exercise altogether. There was thus an unintended bias towards selection of the more robust and less anxious individuals, and towards those who had already attended the gymnasium for several weeks.
THE EXERCISE PROGRAMME
The exercise programme used was a carefully graded course of physical training designed by Mr. Alistair Murray. Each person exercised for 15 minute periods two or three times each week, starting at very low work rates, and frequently monitoring his own pulse rate to ensure that it remained within the predetermined limits ( fig. 1 ). The rhythmic submaximal movements were predominantly isotonic rather than isometric in character, (12) light weight loading being introduced only gradually and carefully in relation to observed progress to maintain the training effect of a short period of exertion. In addition to "free" exercises, adjustable weight training equipment was used, and the intensity of the exercise increased by weight increments of just [2] [3] Ibs, using a formula involving the product of repetitions and resistance in pounds (Repounds 
PHYSIOLOGICAL STUDIES
The exercise intensity scores achieved at each session in the gymnasium showed large and progressive rises over a six-month period ( fig. 3 ). The 40 men exercising three times each week showed a larger increase (p < 0.001) than a group of 30 attending twice a week. These results imply considerable rises in effort capacity at a given pulse rate, as only a slight increase in exercise pulse rate was allowed in the training programme. Resting pulse rate averaged 65 beats/min (range 52-88) and mean resting blood pressure was 124/78 mm Hg (systolic range 165-95, diastolic range 90-52). Mean resting oxygen uptake (V02) measured by a Douglas bag technique was 310 ml/min (range 235-409 ml/min). Subjects then performed the standard schedule of 10 exercises, completed on average in 10 minutes (range 71/2-12 minutes). Oxygen uptake was measured over the whole exercise period and again during 10 minutes of recovery in the supine position. Exercise intensity score varied widely in the different subjects, the average being 6920 "Repounds"/min (range 3870-10520), i.e. rather higher than the average for a larger group in fig. 3 . Exercise oxygen uptake averaged 1750 ml/min (range 1340-2140), equivalent to 21.9 ml kg/min (range 15.2-28.2), and it was estimated that this represented 50-65% of the maximum V02. Exercise intensity score correlated significantly with oxygen uptake (r= 0.64). This correlation was improved by relating the score to excess oxygen uptake, i.e. exercise V02 minus that at rest (r = 0.78). The oxygen debt averaged 3.5 litres (S.D. + 1.7).
Another group of 19 healthy men, mean age 44.5 years (range 35-54) were studied during an increasing work rate test (14) on a cycle ergometer. These studies were performed in the exercise laboratory at the Royal Postgraduate Medical School, Hammersmith Hospital, on four occasions, twice during their first week of involvement in the study, which was often their second or third week of training, and again eight and 14 weeks later. The test was stopped when heart rate reached 85% of the maximum value predicted from the subject's age ( fig. 1 ). Two periods of submaximal exercise (300 and 600 kpm/min, 50 and 100 watts respectively) were also performed and ventilation (VE), oxygen uptake (V02) and heart rate measured.
The results of the cycle ergometer tests are shown in Table II , with cardiac frequencies and ventilation interpolated to oxygen intakes of 1.0 to 1.5 litres/min. At the initial assessment the values of cardiac frequency and ventilation at standard oxygen intakes were similar to those found previously for non-athletic middle-aged men (14, 15) . Repeat studies after a further eight and 14 weeks of the gymnasium programme showed no significant changes in heart rate or ventilatory response during exercise. Thus, despite the improved ability to perform the gymnasium exercises, no improvement in performance was demonstrated on the cycle ergometer. (19) was adapted for use with our sample and consisted of 50 items covering events concerning family, employment, health and finances over three periods in the immediate past: 0-6 months, 7-12 months, 1-2 years. The total number of life events recorded by our subjects for the 2-year period varied widely, from 6 to 40, with a mean of 13.3 ± 7.2. The highest score was in the 0-6 month period, the recency but not the intensity of events affecting their recall. In the absence of comparative data from other UK samples, the interest of the life event data residues in its interaction with other variables, e.g. lipid levels, which will be reported later.
BIOCHEMICAL STUDIES
The biochemical methods used were those described by Taggart and Carruthers (20) .
(a) Short In the presence of increased plasma noradrenaline levels, the constancy of the free fatty acid and triglyceride levels suggest that lipolysis and fatty acid utilization are considerably augmented by this form of exercise.
(b) Long-term effects. In 17 volunteers who continued to attend the gymnasium regularly, from the fourth month onwards no significant changes were found in any of the 11 biochemical variables listed in Table V as measured serially over a period of up to two years. This confirms the findings reported in the second paper that the maximum change in biochemical and haemodynamic variables is achieved within three months of starting the training programme, and is maintained as long as the subject continues to exercise regularly. DISCUSSION The aim of this study was to characterize in physiological and biochemical terms a system of weight-assisted gymnasium exercises, and to examine the habitual activity and psychology of the middle-aged men who volunteered for this type of training. noradrenaline and adrenaline rose during exercise, the former accounting for most of the increase in total catecholamine level (21) . The rise in blood sugar correlated poorly with the increase in adrenaline (r = 0.206 Also, the oxygen debt and increase in blood lactate resulting from the 15 minute period of exercise were larger than would be expected from the oxygen uptake. This may be because some of the exercises carried out in the gymnasium affect predominantly the arm, shoulder and back muscles, and it is probable that these muscles were working closer to their maximum capacity than is indicated by measurement of the whole body oxygen intake during exercise. Such considerations may be important in defining the term "vigorous" in relation to the finding of Morris et al (2) that "habitual vigorous exercise during leisure time reduces the incidence of coronary heart disease in middle-age among male sedentary workers".
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There are two possible explanations for the absence of significant changes in the responses to exercise in the subjects studied at Hammersmith. One is that the particular subjects studied there were already partly trained at the time they were first studied. This is likely in view of the delay in initiating the investigation due to the need to consent from the subjects' general practitioners. The other is that the training programme involved mainly upper limb and trunk muscle groups not much used in cycling, which therefore showed little change (24) .
The psychological characteristics of the gymnasium population studied were reasonably typical of the male population of the same age, but tended to be slightly more extroverted and to have "active" rather than "passive" personalities. This conclusion was supported by the finding that a majority of the subjects who volunteered took part in physically active pursuits, playing golf or squash, swimming, sailing, etc. The measurements made of physical work capacity showed that on average the subjects had a physiological performance similar to that of a moderately active group of the same age.
The most important features of this gymnasium-based exercise programme were its acceptability and safety. The proportion of subjects ceasing exercise before their membership subscription lapsed (drop-out rate) was extremely low for unfit adults taking up any form of exercise, averaging 5, 10 and 15% for the two, six and 12 month attenders respectively. This compares favourably with the findings of Sanne and Wilhelmsen (5) who found that 30% dropped out within one year. Less than 2% of the subjects suffered minor injuries sufficient to make them even temporarily cease training. The few injuries that did occur were nearly all transient mild recurrences of pre-existing "back" troubles.
The individual tuition and supervision of progress by the trained remedial gymnasts running the gymnasium, rather than class exercises, helped to secure an adequate amount of exercise without risk of over-exertion. The need for a considerable margin of safety is emphasized by the tests of cardiac function reported in the second article. The safety of exercise as carried out under these conditions is demonstrated by the fact that although approximately a fifth of the 2,500 people training in the gymnasium over the past seven years were known to have cardiovascular disease, none suffered a heart attack whilst exercising at the gymnasium (25) . In view of the number of sudden deaths occurring in middle-aged sportsmen during exercise, it is suggested that extremely few physical educationists or sports coaches are qualified to deal with the unfit adult (26 This study shows the feasibility and some of the potential beneficial effects of a physical training programme for middle-aged men.
